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HIGHLIGHTS 


•  A  new  design  was  created  for  the  fabrication  of  micro-solid  oxide  fuel  cell. 

•  Ni  and  stainless-steel  were  used  as  a  strong  and  porous  metallic-support. 

•  The  cell  showed  stable  Ohmic  resistance  at  450  °C  after  operation  for  112  h. 
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Metallic  bi-layer  of  porous  Ni  and  porous  stainless  steel  (STS)  is  utilized  as  a  support  for  micro-solid 
oxide  fuel  cells  (SOFCs)  using  a  thin-film  layer  of  electrolyte.  Tape-casting  and  screen-printing  pro¬ 
cesses  are  employed  to  fabricate  a  thick  ( ~  250  pm)  STS-layer  covered  with  a  thin  ( ~  20  pm)  nano-porous 
Ni  layer.  Successful  deposition  of  a  nearly  pore-free  electrolyte  layer  by  the  pulsed  laser  deposition  (PLD) 
method  is  demonstrated  by  the  high  open-circuit- voltage  (OCV)  value  of  a  single  cell.  The  Ohmic 
resistance  of  the  micro-SOFC  deposited  on  a  porous  Ni/STS-support  is  stable  and  it  shows  ~28  mW  cm-2 
after  operation  for  ~  112  h  at  450  °C.  The  use  of  a  porous  Ni/STS  bi-layer  as  a  support  for  micro-SOFCs  is 
successfully  demonstrated. 

©  2013  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Micro-solid  oxide  fuel  cells  (micro-SOFCs)  are  considered  as 
promising  power  sources  for  portable  devices  since  high  specific 
energy  and  energy  density  can  be  obtained  if  the  cell  is  successfully 
fabricated  1].  Conventional  SOFCs  require  high  operating  tem¬ 
peratures  (800—1000  °C)  due  to  the  advantages  of  fast  ionic 
transport  in  cell  components  and  direct  utilization  of  hydrocarbon 
fuels  without  pre-reforming  [2].  Since  high  operating  temperature 
is  a  barrier  for  integration  of  micro-SOFCs  into  small  electronics, 
operation  at  low  temperature  (<500  °C)  and  miniaturization  of  the 
cell  components  are  required  including  reduction  of  the  electrolyte 
thickness  [1,3-9]. 

Micro-SOFCs  use  thin-film  components  including  electrolyte 
and  electrodes,  which  are  supported  on  a  porous  substrate.  The 
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support  for  micro-SOFCs  requires  high  mechanical  strength, 
porosity  for  the  diffusion  of  fuel  gas,  and  a  smooth  surface  for  the 
deposition  of  a  thin  and  dense  electrolyte  layer.  Pulsed  laser 
deposition  (PLD)  or  RF  magnetron  sputtering  methods  are  often 
used  to  deposit  thin-film  cell  components  on  a  substrate  or  sup¬ 
port.  Conventional  substrates  such  as  a  Si  wafer  can  be  used  but 
additional  lithography  and  etching  processes  are  complicated  and 
mandatory  to  provide  gas  paths  [3-5].  The  active  area  of  the  cell  is 
also  restricted  to  a  micrometer-scale  due  to  the  processing  diffi¬ 
culties  [6].  Although  lithography  and  etching  processes  are  still 
required,  glass-ceramic  was  also  used  as  a  support  for  micro-SOFCs 
due  to  its  similar  thermal  expansion  coefficient  (TEC,  8.6- 
10.5  x  10-6  I<-1)  to  electrolyte  materials  such  as  yttria-stabilized 
zirconia  (YSZ,  10.5  x  10~6  K-1)  and  gadolinium-doped  ceria  (GDC, 
12.4  x  10~6  I<-1)  [6,10,11].  In  order  to  avoid  complex  lithography 
and  etching  processes,  porous  substrates  such  as  porous  Ni  and 
anodized  alumina  are  also  used  as  a  support  [6-9]. 

Although  an  electrolyte  in  the  form  of  a  thin  film  has  the  ad¬ 
vantages  of  reduced  Ohmic  resistance,  structural  instability  of  the 
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film,  e.g.  buckling  failure  or  delamination,  has  been  reported 
[6,12,13].  These  results  may  be  due  to  thermal  stress  originating 
from  the  mismatch  of  the  TECs  between  the  thin-film  electrolyte 
and  the  support. 

A  ferritic  stainless  steel  (STS)  is  generally  used  as  an  intercon¬ 
nect  material  and  is  also  regarded  as  a  promising  support  material 
due  to  its  similar  TEC  ( ~  11.5  x  10“6  K_1)  with  YSZ  and  GDC  elec- 
trolytes  and  its  good  oxidation  resistance  at  intermediate  temper¬ 
ature  (500-800  °C)  [14].  In  addition,  metallic  supports  have 
advantages  for  SOFCs  such  as  high  electrical  conductivity  and  high 
mechanical  strength.  However,  a  micro-SOFC  using  an  STS-support 
has  not  been  reported.  This  might  be  due  to  the  difficulty  of 
designing  a  porous  structure  of  STS.  Lithography,  selective  etching 
process  or  conventional  powder  metallurgy  process  are  not  suit¬ 
able  for  the  fabrication  of  pores  on  a  sub-micrometer  scale  in  STS. 

In  this  study,  a  bi-layer  composed  of  a  nano-porous  Ni  layer 
coated  on  a  macro-porous  STS  was  fabricated  for  use  as  a  metal 
support.  A  nano-porous  Ni  layer  is  more  suitable  as  a  support  than  a 
macro-porous  STS  since  a  dense  thin  film  can  only  be  deposited  on 
the  surface  of  a  nano-porous  substrate.  However,  its  high  TEC 
( —  16.5  x  10  6  K-1,  435  °C)  is  a  problem  due  to  the  mismatch  with 
the  electrolyte  layer  and  subsequent  delamination  of  the  Ni  layer 
from  the  electrolyte  layer  [6].  This  problem  may  be  alleviated  by 
attaching  a  thick  STS  layer  with  a  TEC  similar  to  that  of  the  elec¬ 
trolyte,  to  the  thin  Ni  layer  with  a  high  TEC.  In  addition,  the  Ni/STS 
bi-layer  can  be  fabricated  by  employing  simple  tape-casting  and 
screen-printing  processes  that  do  not  require  complex  lithography 
and  etching  processes.  In  this  study,  a  single  cell  of  a  micro-SOFC 
was  deposited  on  a  metallic  bi-layer  and  its  electrochemical 
properties  were  evaluated  at  450  °C.  1  mol%  Ga203— added 
Gd0.2Ceo.802-<5  (hereafter  GDC-lGa  or  GDC)  and  8  mol%  yttria- 
stabilized  zirconia  (YSZ)  thin  films  were  employed  as  a  bi-layered 
electrolyte.  Delamination  due  to  weak  adhesion  between  the 
porous  Ni  support  layer  and  the  GDC  electrolyte  was  avoided  by 
positioning  a  Ni-GDC  anode  layer  between  them. 

2.  Experimental 
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Fig.  1.  (a)  Schematic  illustration  and  (b)  photograph  of  a  micro-SOFC  supported  on  a 
Ni/STS  bi-layer  support. 


A  schematic  illustration  of  a  single  cell  of  micro-SOFC  is  shown 
in  Fig.  la,  supported  on  Ni/STS.  The  thicknesses  of  cell  components 
are  also  shown.  In  order  to  form  a  porous  metallic  support,  a  STS 
green-sheet  was  fabricated  by  a  tape  casting  method  by  using 
commercial  STS-434L  powders  (dso  -10  pm,  Daekwang  Industry, 
Korea).  Slurries  were  prepared  by  mixing  the  STS  powders,  15  wt% 
starch  powders  (D.C.  Chemicals,  Korea),  and  a  polymeric  solution 
containing  toluene,  ethanol,  polyvinyl  butyral  (PVB,  B-74),  and 
dioctyl  phthalate  as  a  solvent,  a  binder,  and  a  plasticizer,  respec¬ 
tively.  The  green  sheet  was  fired  at  1150  °C  for  3  h  in  a  dry  hydrogen 
atmosphere.  After  firing,  the  porous  STS  sheet  was  punched  out  to 
produce  metal  sheets  of  10  mm  diameter  and  0.25  mm  thickness. 
The  surface  of  the  STS  sheet  was  rough  on  a  micro-meter  scale  due 
to  large  STS  particles  and  thus  the  sheet  was  subsequently  flattened 
by  uniaxial  pressing  and  polishing.  Ni-paste  (Samsung  Electro- 
Mechanics,  Korea),  a  mixture  of  Ni  nano-particles  and  a  poly¬ 
meric  solution,  was  screen-printed  onto  the  pre-fired  STS  substrate 
and  fired  at  575  °C  in  dry  hydrogen  for  3  h. 

The  NiO-GDC  (NiO-Gdo^Ceo.gCb-d)  layer  was  deposited  on  the 
surface  of  the  nano-porous  Ni  layer  via  PLD  process.  To  prepare  a 
target,  NiO  (High  Purity  Chemicals,  99.9%,  Japan)  and  GDC  (Fuel  Cell 
Materials,  M  Grade,  USA)  were  mixed  with  a  6:4  ratio  in  weight, 
uniaxially  pressed  to  form  a  pellet,  and  sintered  at  1400  °C  for  5  h  in 
air.  The  base  pressure  for  the  thin  film  deposition  was  8  x  10-4  Pa 
and  PLD  was  performed  for  1  h  with  a  KrF-excimer  laser  (248  nm) 
at  —  120  mj  pulse-1  energy  and  a  10  Hz  repetition  rate  in  oxygen 
pressure  of  6.7  Pa.  The  substrate  was  held  at  600  °C.  The  GDC  and 


YSZ  thin  films  were  sequentially  deposited  as  a  bi-layer  electrolyte 
by  using  similar  deposition  conditions  except  for  oxygen  pressure 
of  4.0  Pa  and  deposition  time  of  1.1  h  and  1  h,  respectively.  In  order 
to  fabricate  GDC  and  YSZ  targets,  commercial  GDC  powder  (Fuel 
Cell  Materials,  M  Grade,  USA)  with  the  addition  of  1  mol%  of  Ga203 
(High  Purity  Chemicals,  99.9%,  Japan)  and  an  YSZ  powder  (TZ-8YS, 
Tosoh,  Japan)  were  cold-isostatically  pressed,  and  subsequently 
sintered  at  1550  °C  for  4  h,  respectively.  The  addition  of  1  mol% 
Ga203  into  GDC  was  previously  shown  to  be  advantageous  for 
densification  of  a  GDC  film  [15].  A  Lao.7Sr0.3Co03_<5  (LSC)  layer  was 
also  deposited  on  the  YSZ  electrolyte  by  PLD  at  room  temperature 
for  1.2  h  under  oxygen  pressure  of  2.7  Pa.  The  area  of  the  LSC 
cathode  was  -3.1  mm2.  The  same  energy  and  repetition  rate  were 
used.  The  LSC  powder  was  pressed  and  sintered  at  1000  °C  for  2  h  to 
produce  a  target.  Pt  was  deposited  on  the  LSC  cathode  with  a  DC 
coater.  The  base  pressure  was  -10  Pa  and  current  of  25  mA  was 
applied  for  240  s.  Pt  bead  (d  -  1  mm)  was  used  as  a  current  col¬ 
lector  at  the  cathode  side.  For  current  collection  at  the  fuel  side,  a  Pt 
mesh  and  Pt  wires  were  attached  by  using  an  Ag-paste. 

The  fabricated  micro-SOFC  with  a  metal  support  was  then 
mounted  on  an  alumina  tube  with  a  ceramic  sealant  for  evaluation 
at  450  °C  by  flowing  wet  hydrogen  gas  as  fuel  and  using  stationary 
air  as  an  oxidant.  The  flow  rate  of  the  fuel  gas  was  -  70  cm3  min-1. 
Both  heating  and  cooling  rates  were  1  °C  min-1  and  the  cell 
dwelled  at  90  °C  for  2  h  to  cure  the  sealant.  Cell  voltage  and  tem¬ 
perature  were  measured  with  a  programmable  electrometer 
(Model  617,  Keithley,  USA)  and  a  thermometer  (Model  740, 
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Keithley,  USA),  respectively.  The  impedance  spectra  were  obtained 
in  the  frequency  range  of  1  Hz-5  MHz  using  an  impedance  analyzer 
(SI  1260,  Solartron,  UK).  I  (current  density)-!/  (voltage)-P  (power 
density)  curves  were  obtained  with  an  electrochemical  interface 
(VSP,  Biologies,  France).  The  microstructure  of  the  cell  was  exam¬ 
ined  with  field-emission  scanning-electron  microscopes  (FE-S.E.M., 
JEOL,  model  3330F  and  7401 F,  Japan). 

3.  Results  and  discussion 

3.1.  Physical  characterization 

Fig.  lb  is  a  photograph  of  a  micro-SOFC  supported  on  Ni/STS  bi¬ 
layer  with  a  diameter  of  -  10  mm.  The  fabricated  cell  was  strong 
enough  for  easy  handling  by  hand.  The  area  of  the  electrolyte  was 
-  0.7  cm2  with  this  design,  which  is  10-1000  times  larger  than  that 
of  previous  micro-SOFCs  using  a  porous  Ni  support  [7]  or  a  glass- 
ceramic  support  [10].  This  may  be  attributable  to  the  high  me¬ 
chanical  strength  of  the  Ni/STS  layer  and  because  the  TEC- 
mismatch  between  the  ceramic  components  and  the  Ni  substrate 
is  partially  reduced  by  the  underlying  STS  layer. 

A  SEM  image  (top  view)  of  porous  STS,  tape-casted  with  com¬ 
mercial  STS-434L  powder  and  then  fired  at  1150  °C  for  3  h  in  a 
reducing  atmosphere,  is  shown  in  Fig.  2a.  Porosity  of  the  support 


Fig.  2.  S.E.M.  images  of  porous  metals  fired  in  reducing  atmosphere;  (a)  STS  fired  at 
1150  °C,  and  (b)  Ni  fired  at  575  °C. 


was  estimated  as  -40%  by  simple  calculation  with  mass  and  di¬ 
mensions  of  the  metal  sheet.  Both  the  grain  and  pore  sizes  of  the 
STS  layer  were  larger  than  the  size  ( —  10  pm)  of  the  starting  metal 
powders.  The  grain  and  pore  sizes  of  the  Ni  layer  were  150-450  nm 
and  <300  nm,  respectively  (Fig.  2b).  According  to  our  experience,  in 
order  to  obtain  a  dense  electrolyte  layer  by  PLD,  the  thickness  of  the 
electrolyte  layer  should  be  at  least  2-3  times  larger  than  the  pore 
size  in  a  porous  substrate.  Thus,  the  thickness  of  the  electrolyte 
layer  deposited  on  the  porous  Ni  layer  should  exceed  roughly 
- 1  pm  in  this  study. 

Fig.  3a  shows  a  cross-sectional  SEM  image  of  the  micro-SOFC  in 
this  study  after  an  electrochemical  test  operated  for  longer  than 
100  h.  The  STS-support  with  thickness  of  -0.25  mm  is  not  shown 
in  the  image  at  this  magnification.  Cell  components  including  a  Pt 
current  collection  layer,  an  LSC  cathode,  an  YSZ/GDC  bi-layer 
electrolyte,  and  a  Ni-GDC  anode  are  shown  on  the  Ni/STS  metal 
support.  The  thickness  of  the  cathode  is  -300  nm.  An  YSZ 
(t  -  0.3  pm)  layer  was  deposited  on  top  of  the  GDC  (t  -  1.3  pm) 
layer  to  prevent  oxygen  permeation  and  subsequent  reduction  of 
the  cell  voltage  due  to  the  electronic  conduction  of  the  GDC  elec¬ 
trolyte  [6,8].  Bi-layer  of  relatively  thin  YSZ  and  thick  GDC  layers  was 
used  to  minimize  the  Ohmic  resistance  of  the  cell  since  the  elec¬ 
trical  conductivity  of  GDC  is  higher  than  that  of  YSZ.  Although  both 
layers  show  a  columnar  microstructure,  structural  defects  such  as 
cracks  and  cleavages  were  rarely  observed  in  this  image.  Since  YSZ 
is  known  as  a  nearly  pure-ionic  conductor  even  in  a  fuel  atmo¬ 
sphere,  the  open  circuit  voltage  (OCV)  of  the  cell  using  a  dense  YSZ 
electrolyte  is  expected  to  be  close  to  the  Nernst  voltage  [3].  The 
nano-porous  anode  layer  of  Ni-GDC  is  shown  in  high  magnification 
(Fig.  3b).  Although  weak  adhesion  between  GDC  and  Ni  was  shown 
[6],  the  existence  of  the  -0.3  pm-thick  Ni-GDC  layer  may  have 
improved  the  adhesion  between  the  two  layers,  judging  from  the 
stable  electrochemical  performance  shown  later.  The  improved 
adhesion  can  possibly  be  ascribed  to  the  composition  and  the 
thermal  expansion  coefficient  of  the  Ni-GDC  composite  being  in¬ 
termediate  between  those  of  GDC  and  Ni. 


3.2.  Electrochemical  analysis 

3.2.1.  Electrochemical  impedance  spectra 

Fig.  4  shows  impedance  spectra  of  the  fabricated  cell  measured 
at  450  °C  during  operation  for  43  h-112  h  under  an  open-circuit 
condition.  A  large  decrease  in  the  size  of  the  semicircle  was 
shown  from  43  h  to  112  h.  The  performance  was  stabilized  after 
100  h.  The  area-specific  Ohmic  resistance  (Rohm),  determined  from 
the  intercept  of  a  high-frequency  arc  with  the  real  axis,  shows  little 
change.  The  change  was  due  mostly  to  the  decrease  in  the  area- 
specific  polarization  resistance  (Rp)  with  time.  The  R0hm  values 
show  a  slight  fluctuation  between  0.29  and  0.36  Q  cm2  with  time; 
however,  they  were  close  to  the  estimated  value  (-0.25  Q  cm2) 
using  the  dimensions  of  the  YSZ  and  GDC  films  and  the  reported 
electrical  conductivities  of  bulk  YSZ  and  GDC  [15,16].  The  results 
imply  that  no  significant  delamination  between  the  layers  occurred 
during  —  100  h.  The  Rp  value  decreased  slowly  with  time  and  was 
nearly  saturated  after  -100  h.  The  slow  change  is  not  clearly  un¬ 
derstood  at  present;  it  might  be  due  to  the  slow  kinetics  of  reducing 
the  anode  layer.  Low  operating  temperature  and  slow  gas  flow 
through  nano-porous  channels  in  the  anode  may  be  responsible  for 
the  slow  reduction  of  NiO.  The  Rp  value  of  —3.8  Q  cm2  after  112  h  is 
comparable  to  the  Rp  value  ( -3.4  Q  cm2)  reported  in  the  literature 
for  a  micro-SOFC  supported  on  porous  Ni,  an  LSC/GDC/Ni  cell  [7]. 
However,  it  is  -20  times  smaller  than  that  of  a  micro-SOFC  sup¬ 
ported  on  a  glass-ceramic  substrate  (a  Lao.eSro^Coo^Feo.sCU-d 
(LSCF)/YSZ/sputtered  Pt  cell)  at  the  same  temperature  [10]. 
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Fig.  3.  Cross-sectional  S.E.M.  images  of  (a)  a  micro-SOFC  supported  on  a  Ni/STS  bi-layer  (Pt/LSC/YSZ/GDC/Ni-GDC/Ni),  (b)  magnified  view  of  the  cell  near  anode  layer  (GDC/Ni- 
GDC/Ni). 


Fig.  4.  Impedance  spectra  of  a  micro-SOFC  supported  on  a  Ni/STS  bi-layer  in  an  open 
circuit  condition  as  a  function  of  time  (43  h-112  h)  at  450  °C.  Frequencies  and  the 
capacitance  value  are  shown  for  the  impedance  spectra  obtained  after  112  h. 


3.2.2.  I-V-P  curves 

Fig.  5  shows  I  (current  density)-!/  (cell  voltage)-?  (power 
density)  curves  of  the  present  single  cell  at  450  °C  after  46  h-112  h. 
The  OCV  value  increased  for  112  h  before  it  was  stabilized.  The  slow 
OCV  increase  is  clearly  associated  with  the  slow  decrease  of  Rp 


Fig.  5.  I  (current  density)-V  (voltage)— P  (power  density)  curves  of  a  micro-SOFC 
supported  on  Ni/STS  were  obtained  at  450  °C  for  46  h-112  h.  Wet  hydrogen  gas  and 
stationary  air  were  used  as  fuel  and  oxidant  gases,  respectively. 


values,  originating  from  the  insufficient  local  gas-exchange  and 
thus  slow  reduction  of  NiO  at  the  anode  at  low  temperature.  OCV  of 
-0.91  V  was  shown  after  112  h  and  is  comparable  to  the  reported 
OCV  values  of  micro-SOFCs  using  an  YSZ  electrolyte;  Kerman  et  al. 
reported  values  of  0.8- 1.0  V  at  -450  °C  with  an  active  area  of 
0.03  mm2  (Pt/YSZ/Pt  on  a  Si  substrate)  [4]  and  Tsuchiya  et  al.  re¬ 
ported  a  value  of  -  0.77  V  at  451  °C  with  an  active  area  of  13.5  mm2 
(LSCF/YSZ/Pt  on  a  Si-substrate)  [5]. 

The  reason  for  the  low  OCVs  compared  to  the  Nernst  potential 
( -  1.18  V)  in  this  study  is  unclear  at  present.  Tsuchiya  et  al.  pro¬ 
posed  that  gas  leakage  through  defects  on  the  sealant  was  the  cause 
of  decreased  values  [5].  The  relatively  high  OCV  of  -0.91  V  was 
obtained  in  this  study  since  no  obvious  cracks  were  observed  on  the 
surface  of  YSZ  electrolyte  of  the  cell,  as  shown  in  SEM  micrographs 
after  the  electrochemical  test.  Furthermore,  the  observed  leakage 
( -  2  cm3  min-1)  due  to  insufficient  sealing  was  small  compared  to 
the  flow  rate  of  H2  gas  (70  cm3  min-1)  during  this  experiment. 
Muecke  et  al.  also  obtained  OCVs  of  0.4-0.9  V  at  400-600  °C  for  the 
YSZ-cells  fabricated  by  etching  glass-ceramic  supports,  and  they 
attributed  the  low  OCV  values  to  gas  leakage  resulting  from  the 
columnar  structure  of  the  YSZ  electrolyte  layer  [10]. 

The  maximum  power  density  (MPD)  of  the  cell  was  gradually 
increased  with  operation  time  and  it  showed  —28  mW  cm-2  at 
450  °C  after  112  h.  The  value  was  in  the  same  range  as  several  re¬ 
ported  values;  Joo  and  Choi  reported  a  value  of  -26  mW  cm-2  at 
450  °C  with  an  LSC/GDC  (t  -  3  pm)/Ni-support  cell  [6].  Muecke 
et  al.  achieved  —17  mW  cm-2  at  450  °C  with  a  Pt/YSZ  bi-layer/Pt 
cell  supported  on  a  glass-ceramic  substrate  [10  .  The  power  den¬ 
sity  of  the  present  cell  will  further  be  increased  by  reducing  Rp 
values  through  optimization  of  the  microstructure  of  cell  compo¬ 
nents,  especially  that  of  the  cathode  and  anode.  The  present  micro- 
SOFC  using  a  Ni/STS  bilayer-support  has  successfully  operated  for 
112  h  with  high  OCV  and  a  reasonable  value  of  power  density.  To 
the  best  of  our  knowledge,  this  is  the  longest  successful  operation 
of  a  micro-SOFC  possibly  due  to  the  metallic  bi-layer  support.  The 
simple  fabrication  method  reported  here  is  also  a  notable 
advantage. 

4.  Conclusions 

Metallic  bi-layer  composed  of  porous  Ni  and  porous  stainless 
steel  (STS)  was  tested  as  a  support  for  micro-solid  oxide  fuel  cells. 
Simple  tape-casting  and  screen  printing  processes  were  employed 
to  fabricate  a  thick  (t  -  250  pm)  STS  layer  with  large  pores  covered 
with  a  thin  (t  -  20  pm)  nano-porous  Ni  layer.  Although  thin  layers 
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of  GDC  and  YSZ  electrolytes,  sequentially  deposited  by  the  PLD 
method  on  a  metallic  bi-layer,  displayed  a  columnar  microstruc¬ 
ture,  they  are  nearly  gas-tight  and  show  a  high  value  (0.91  V)  of 
open  circuit  voltage.  The  electrochemical  test  of  a  single  cell  sup¬ 
ported  on  a  porous  Ni/STS  bi-layer  showed  the  MPD  of 
—  28  mW  cm-2  at  450  °C  after  operation  for  112  h.  The  low  and 
stable  Ohmic  resistance  value  also  demonstrates  that  there  was 
little  development  of  delamination  between  the  cell  components 
with  time.  The  use  of  a  porous  Ni/STS  metallic  bi-layer  as  a  support 
for  a  micro-SOFC  was  thus  successfully  demonstrated.  The  simple 
fabrication  method  reported  here  is  also  an  important  advantage. 
The  performance  of  the  cell  will  further  be  increased  by  reducing 
the  polarization  resistance  values  through  optimization  of  the 
microstructure  of  the  anode  and  cathode. 
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